Abstract: A compact acquisition system developed for a flexible large area monoport tactile surface is presented in this paper. This sensor requires a single port connection and avoids complicated matrix acquisition system and multiplexing. The tactile surface is based on a coplanar transmission line printed on a large area flexible substrate. Touching the waveguide generates a reflected signal. A harmonic analysis of this reflected signal at the line input port allows locating the touch event. A compact and low complexity acquisition system has been developed in order to demonstrate the principle and evaluate the feasibility of its integration on the sensor. Theoretical background, design and measurements on the overall sensor are exposed. The acquisition circuit imperfections have been demonstrated experimentally and correction methods have been proposed and implemented. Results are presented, and to assess the precision of the compact acquisition system, they are compared to reference measurements made with a Vector Network Analyzer.
Introduction
 A tactile sensor detects events related to a variation of local physical quantities (pressure, dielectric constant, electrostatic perturbation…) and locates these events on a surface [1] . Nowadays, sensitive surfaces are widely used for the development of new innovative usages, notably, making touch and gesture sensing, related to inanimate objects, and also, human body and liquids [2] .
A good understanding of physical interaction between humans or objects and electronics world is required and large research fields remain to be explored.
To date, various technologies have been developed using diverse approaches. Resistive touch sensor, exploits pressure to complete separated electronic circuits; optical ones are made by a network of photo-detectors sensitive to the daylight intensity [3] ; ultrasonic sensors use piezo-electric actuators for interfacing with electronics, acoustic wave is injected and when a touch occurs a part of this signal is absorbed [4, 5] . Among those techniques, capacitive sensing [6] [7] [8] remains the most popular. It is based on a very straightforward coupling between electrostatics and electronics, with very simple and low-cost transducers: electrode arrays directly made on thin films. Skin contact, or its presence in the vicinity of metal planes induces a change in the inter electrode capacitance their capacitance. Overall sensor is generally made of a matrix of electrodes. They are addressed through an array of X-Y interconnection lines. The location process is made by indexing each event to its associated connection lines.
Increasing the size of the tactile surface, to potentially several square meters, makes this matrix-based location method more complex and expensive because of high interconnection and multiplexing complexity. The concept pres port connect sensing devi event causes of the wave towards the i
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and
where β is the propagation coefficient, λ and f are respectively the wavelength and frequency of the input wave, and V φ is the phase velocity of the line. When varying the input wave frequency, λ is modified but the delay between input and reflected wave remains constant. A plot of the phase versus frequency exhibits a periodicity f 0 , defined as the fundamental frequency for which the phase φ is null (Fig. 3) .
f 0 can be expressed as:
For each multiple frequency f n (f n = nf 0 ), the phase  is zero. Thus, the difference ∆f between two frequencies f n and f n+1 is also equal to f 0 . So that, extracting ∆f in a frequency range allows extracting, the event position, since V φ is a constant only depending on the waveguide parameters.
We can see in Fig. 3 that there is a clear correlation between ∆f and the slope of φ(f) . We can write:
Hence, knowing V  , the distance d can be determined from the following Eq. (6):
As a result, theoretically, only two measurements of φ at two frequency points are necessary. Thus, the acquisition system can operate with a very narrow bandwidth and does not require high speed acquisition electronics. HDL method requires hardware capable of extracting input reflection coefficient at input port and measuring its phase. The global sensor structure is described in the following part.
Sensor Structure
Overview
The structure of the complete sensor is presented in Fig. 4 . It is composed of:
 A touchpad (touch-sensing surface): a 50  characteristic impedance CPW printed on a flexible substrate.
 An acquisition system: consists of two blocks, the first one performs the separation between incident and reflected waves and the second the extraction of phase φ. In our case, the node D is connected to the ground, so, we can use the equality:
Moreover, the input reflection coefficient of the touchpad is expressed as:
So that, reflection coefficient can be expressed as follows:
where V B is the incident wave and V AB is the reflected one. For a best bridge operation, it has to be in a good balance. So, before its realization, a circuit modeling with ADS software has been performed to guarantee a minimum error. S-parameters characterization and simulations have proven a good correspondence between VNA results and simulated bridge ones.
Phase Detection (a) Principle
The function of the phase detector is to provide a precise value of the reflection coefficient phase φ. Phase detection can be performed using a multiplication operation between the two analyzed waves:
1. 
.5 Location Algorithm
The location algorithm is implemented in the calculator (Fig. 4) . It allows extracting phase φ, then, the slope φ(f) is exploited to deduct the position d, from Eq. (6).
Experiments
Reference Measurements (VNA Method)
The first experimental tests are performed with a VNA to validate the HDL method, and to serve as a reference. A one meter long cable is added to the experimental setup, between the touchpad and the VNA, in order to have a minimum delay between input and reflected wave and thus obtain reasonable values of ∆f. The total propagation time including the cable and CPW on touchpad is:
From this value, the time delay associated to the cable is subtracted to get the propagation time in the line (t d ), then, the event position is calculated using:
.
The precision of location is evaluated by measurement of the linearity of the event position d as a function of t d . This curve is obtained by extracting d from the slope of φ(f) at different event locations (an event is in this case a touch of the line a distance d). Results are shown in Fig. 7 .
Results have assessed the relevance of HDL method by obtaining an excellent linearity of this curve.
Least square method is used to extract the individual errors from the local deviation between the line fit and the local measurement.
A location error histogram is represented for different touch positions (Fig. 12) . The maximum error is 1.8 cm corresponding to a percentage of 1.06% over the 170 cm waveguide length.
Integrated Measurements Performance Evaluation
First Acquisition Block: Wheatstone Bridge (a) Measurements
A second measurement has been performed using the HDL method with the realized Wheatstone bridge (Fig. 8) , and an oscilloscope connected to A and B outputs. The measurement setup is represented by Fig. 9 .
Γ in is then calculated (Eq. (14)) and its phase is plotted as a function of frequency. Next, we determine the propagation time (Eq. (18)) and represent d as a function of t d as shown in Fig. 10 . Fig. 10 shows deterioration in the linearity of the curve that was perfect in the case of reference measurements done with the VNA (Fig. 7) . Moreover, maximum error increases reaching a maximum of 5 cm (Fig. 12) . This is due to the insertion of the bridge.
In order to reduce this effective error, a calibration method has been developed and is presented in the following.
(b) Implementation of bridge calibration The insertion of Wheatstone bridge introduces some We notice that on the curve (Fig. 11 ) linearity improves when we calibrate the Wheatstone bridge, and, the maximum error value decreases by 2 cm. It is now equal to 3 cm, which represents 1.76% of the total length.
(c) Bridge results summary From three cases represented characteristic curves (Figs. 7, 10 and 11), a location error histogram can be elaborated for some of the tested touch positions. This histogram allows evaluating different measurement methods by comparing their location errors.
This errors histogram validates bridge calibration method. It is clear, as shown in Fig. 12 , that calibrating the bridge reduces considerably locating errors. So that, calibrated Wheatstone bridge, shows good performances in comparison with VNA. Now, for all tested positions, after extracting errors from each characteristic curve, a frequency count analysis has been performed for the three measurement configurations (Fig. 13) .
All the distributions are centered on zero. The standard deviation is 0.84 cm for VNA measurements. It increases up to 4.35 cm when the bridge is inserted. Introducing the calibration method allows reducing this error to 2.9 cm. This standard deviation can be a criterion of performance evaluation. Lower it is, more errors are closer to zero.
In the following, we will work with the calibrated Wheatstone bridge and replace the oscilloscope by a phase detector to form the entire integrated acquisition system.
3.2.2 Second Acquisition Block: Phase Detector (a) Measurements In this setup (Fig. 14) , we replace the oscilloscope by the AD8302 phase detector and two voltmeters. Our acquisition system is, now, entirely tested experimentally with its two blocks. The DC outputs of the phase detector are exploited to determine the phase value for each generated frequency (Eq. (17)), and the phase as a function of input frequency is then plotted. (b) Implementation of the phase detector calibration Measurements are performed at different input signal frequencies. The phase detector presents a variation of D and E coefficient, leading to a distortion of phase curves. This problem is solved by calibrating the phase detector for each frequency value and replacing theoretical Eq. (17) by real calibrated one as follows:
(21) where D and E are frequency dependent calibration parameters.
(c) Results
The phase detector calibration improves notably the phase curve linearity as shown in Fig. 15 and coincides with the VNA reference phase. Fig. 16 presents the error histograms for the non calibrated and calibrated phase detector compared to VNA reference measurement. Hence, for some positions, the error measurement is decreased by 5 cm when calibrating the phase detector. Thus, the maximum error compared the VNA reference measurement is around 3 cm. This assesses the feasibility of a fully integrated acquisition system. Future work is underway to improve the second block calibration and to allow compensation of the entire sensor defects and reducing location errors.
Moreover, an integrated and compact version of the acquisition system is investigated using a Voltage
Controlled Oscillator (VCO), the phase detector, and a microcontroller which implements the location algorithm.
